Regioselective activation and protection of the chiral building block 1, readily available from L-aspartic acid, leads to the key intermediate 8. Employing classical nucleophiles, heterocyclic anions or organocuprates, 8 could be transformed into the displacement products 9. Finally, hydrolysis affords the homochiral1,2-amino alcohols 4 in 48-77 % yield (based on 8).
Regioselective functionalization of proteinogenic ex-amino acids' has become a major method for the synthesis of enantiomerically pure natural products and biologically active compounds.! Employing this strategy, we have reported very recently that the enantiomerically pure building block 1, readily accessible from L-aspartic acid, can be selectively O-protected at position 4 (Scheme 1).2.3 The differentiation between the two primary hydroxyls is due to the benzyl groups which shield not only the amine but also the HO-function in position 1 exerting a "remote protecting group effect". Subsequent activation of position 1 (affording 2) followed by nucleophilic displacement reactions lead to the chiral 1,3-amino alcohols 3. During the synthesis a two-fold migration of the dibenzylamino group under complete preservation of the optical purity was observed. n connection with our program on the structure activity relationships of selective dopamine autoreceptor agonists,4 1,2-and 1,3-amino alcohols served as valuable intermediates for the synthesis of enantiomerically pure aminoindolizine derivatives. 5 Therefore, we envisioned to extend our studies on the general EPC synthesis of amino alcohols.
Following the route sketched in Scheme 2, we herein describe the synthesis of the homochiral1 ,2-amino alcohols 6 4 when performing activation and protection of the diol 1 in a reversed sequence. 3
In order to selectively activate the position 4, the enantiomerically pure dioll? was treated with 1.1 equivalents of methanesulfonyl chloride. However, the required sulfonate 5 could be isolated in only 37 % yield due to formation of the side product 6 2 (8 %) and the cyclization product 7 (25 %) (Scheme 3). The formation of 6 can be explained by esterification of position 1 and subsequent rearrangement of the dibenzylamino group through an aziridinium cation. Furthermore, the bad mass balance indicated that product could have been lost during the workup. Since protection of position 1 was planned to be the next reaction step it should be possible to circumvent these problems by treating the crude reaction mixture with tert-butyldimethylsilyl chloride (TBDMSCI) in the presence of imidazole. As a consequence, the projected key intermediate 8 could be isolated in 57 % yield (based on 1).
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CHCla" -20 'C, 2 h B"'N~M". CI~H or a nucleophilic displacement of the mesyloxy substituent, compound 8 was reacted with classical nucleophiles, organocuprates and heterocyclic anions (Scheme 4, Table 1 ). Thus, treatment of 8 with sodium cyanide, resulted in quantitative formation of the amino nitrile 9a which is of potential interest as a y-amino acid precursor. Furthermore, reaction of 8 with potassium phthalimide or sodium azide gave the protected diaminobutanol derivatives 9b and 9c in 61 and 79 % yield, respectively. Introduction of alkyl or aryl substituents was done by use of lower order Gilman cuprates. 8 
As an application of the method, it could be shown that the N,N-dibenzyl protected amino alcohols can serve as precursors for amino aldehydes 9 and amino acids with side chains different to those of the proteinogenic amino acids. Employing the pyrazole derivative 9g Swern oxidation 10 was performed to give the 1,2-amino aldehyde 10 (Scheme 5). Subsequent oxidation of 10 with sodium chlorite 11 resulted in the formation of the amino acid 11.
NaCI0 2 • 2-methyl-2-butene.
In conclusion, a practical method for the synthesis of chiral amino alcohols which can serve as valuable intermediates for unnatural 1,2 amino aldehydes, nonproteinogenic amino acids, bioactive compounds and natural products could be elaborated.
THF was distilled from Na/benzophenone, DMF and CH 2 Cl 2 from CaH2, in all cases immediately before use. All liquid reagents were also purified by distillation. Unless otherwise noted reactions were conducted under dry N2. Evaporations of final product solutions were done under vacuo with a rotary evaporator. Flash chromatography was carried out with 230-400 mesh silica gel. Melting points: Biichi melting point apparatus. IR spectra: Perkin-Elmer 881 spectrometer. Mass spectra: Varian CH7 instrument, methane was employed for CIMS. NMR spectra: leol lNM-GX 400 spectrometer at 400 MHz, spectra were measured as CDCl 3 solutions using TMS as internal standard. Elemental analyses: Heraeus CHN Rapid instrument. Optical rotations were measured at 23°c using a Perkin-Elmer 241 polarimeter. Petroleum ether used had bp 40-60°C. For all new compounds satisfactory microanalyses were obtained: C ± 0.39, H ± 0.45, N ± 0.47.
(S)-4-N,N-Dibenzylamino-5-hydroxy-l-pentanenitrile (4a): A solution of9a (1.27 g, 3. 12 mmol) in THF/AcOH/H 2 0 (150 mL, 1: 3: 1) was stirred for 7 d at r. t. Then, the reaction mixture was basified with 2 N NaOH (650 mL) and extracted with Et 2 0 (500 mL). The organic layer was dried ( MgS0 4 1.51-1.60 (m, 1 H), 2.00-2.09 (m, 1 H) (7): To a solution of 1 2 ,3 (500mg, 1.75mmol) and Et 3 N (213mg, 2.10 mmol) in CHCl3 (12.5 mL) was added MesCl (221 mg, 1.93 mmol) at -20°e. After 3 h, the solvent was evaporated and the residue purified by flash chromatography (CH 2 CI 2 /EtOAc, 92: 8) to give the colorless oils 7 (117 mg, 25 %) followed by 6 (42mg, 8%) and 5 (240mg, 37%). To a solution of 1 (2.65 g, 9. 23 mmol) and Et 3 N (1.13 g, 11.1 mmol) in CHCl3 (65 mL) was added MesCl (1.17 g, 10.2 mmol) at -20°e. After 2 h the solvent was evaporated and DMF (75 mL), was added to the residue. Then, the mixture was cooled to -20°C, and TBDMSCI (2.24 g, 14.8 mmol) and imidazole (2.02 g, 29.7 mmol) were added. The mixture was stirred for 1.5 h and sat. ag NaHC0 3 (50 mL) and Et 2 0 (100 mL) were added. The organic layer was dried (MgS04) and evaporated and the residue was purified by flash chromatography (petroleum ether/EtOAc, 9: 1) to give 8 (2.51 g, 57%) as a colorless oil; [a] 2 H), 3.73 (d, J = 13.9 Hz, 2H), 1 H), 7.07 (t, J = 7.3 Hz, 2H), 7.16 (t, J = 7, 3 Hz, 4 H), 7.29 (d, J = 7.3 Hz, 4 H), 2 H), 2H) . )pentylamine (9d): To a stirred suspension of CuI (444 mg, 2.33 mmol) in Et 2 0 (10 mL) was added MeLi (2.9 mL, 1.6 molar in Et 2 0) at -50°C. Then the mixture was allowed to warm up to -20°C. After 30 min it was cooled to -50°C, and a solution of 8 (159 mg, 0.33 mmol) in Et 2 0 (3.5 mL) was added. After stirring for 22 h at -50°C, sat. ag NaHC03 (10 mL) and Et20 (50 mL) were added. The organic layer was dried (MgS04) and evaporated and the residue was purified by flash chromatography (petroleum ether/EtOAc, 98: 2) 
